INTRODUCTION
increase in suicide mortality in previous studies of US, 10 Japan, 11 German, 12 and Canada, 13 and Australia 14 although this was not true in Finland. 15 In Korea, several studies have reported that suicide mortality surged with the economic crisis of 1997. [16] [17] [18] As seen in Fig. 1 , on year by year, Korean suicide mortality rates have steadily increased in a nonlinear pattern in the study period (1993 to 2006). For both genders, interesting features of the trends of suicide mortality rates are that the rates surged in 1998 and rose again with a rapid pace after August 2001 when the redemption of all rescue loans from the IMF was completed and the Korean government declared the end of the economic crisis. As shown in Fig. 1 , the features for both genders may result in the linear increasing pattern of average annual suicide rates of those periods: 1993 -1997 (pre-economic crisis), 1998 -2002 (economic crisis), 2003 -2006 (post-economic crisis). According to Organization for Economic Co-operation and Development health data 19 on age-standardized suicide rates in 2006, suicide rates in Korea ranked the highest among the Organization for Economic Co-operation and Development (OECD) member countries in 2006. 19, 20 Increased suicide mortality was reportedly observed in a low socioeconomic status (SES), measured by education attainment, occupational class, or material resources such as assets and household income. 21, 22 Several studies conducted in Korea showed this inverse relationship between SES and suicide mortality, [23] [24] [25] [26] [27] and a previous study showed that relative inequalities in suicide mortality by area-based socioeconomic position (SEP) increased with the economic crisis in Korea. 28 However, these earlier Korean studies investigated relative aspects of socioeconomic inequalities in suicide mortality (i.e. risk ratio), but did not include absolute perspective of socioeconomic inequalities (i.e., risk difference). Except for a study, 28 time trends in socioeconomic differentials in suicide mortality have not been examined. In addition, these previous Korean studies did not include more recent patterns in suicide mortality. The aim of this study was to examine secular trends in relative and absolute socioeconomic differentials in suicide mortality during a relatively longer period (1993 -2006) , including before and after the recent economic crisis in Korea.
Data sources and study subjects
The study period (1993 -2006) 29 Population denominators for suicide rates during each period were calculated from the 1995, 2000, and 2005 Korean census data. The census population was used as the common denominator in each period including census survey year. We employed an aggregate data matching method to link these suicide records to corresponding census records by the period. The matching variables were gender, age, residence, and education. Age groups were categorized as 35 -44, 45 -54, 55 -64, and 65 +. Residential areas were categorized as city (si), county (gun), and ward (gu), and educational levels were grouped as no education or Elementary (6-years), Middle (3-years) or High (3-years), and College (3-years vocational year and 4-years university) or Graduate School was determined by the highest level of education completed.
The study subjects as a denominator for suicide rate constituted population aged 35 and over at the each census. Adults aged 25 -34 years were not included due to the small number who did not complete elementary education, which resulted in unstable numbers of suicide deaths in 1983  1985  1987  1989  1991  1993  1995  1997  1999  2001  2003 that group. The census data covered all residents of Korea, and Korean students and workers living abroad at the time of census were excluded in the survey. Foreigners were excluded from this analysis. The rate of refusal to answer education questions was quite low (0.01%, 0.02%, and 0.03% in 1995, 2000, and 2005 census, respectively). Census data are electronically accessible through the Korean Statistical Information System of NSO. 6 The study subjects as a nominator for suicide rate constituted the deaths, aged 35 years and over, by suicide, which was coded as X60 -X84 (ICD-10) per the 10th revision of the International Classification of Disease (ICD-10) in 1993 -2006 Death Certificates data. By law, all deaths of Korean must be registered on Death Certificates. The rate of failure to report the decedent's educational attainment on the death certificate was also low (0.27%, 0.18%, and 0.67% in 1993 -1997, 1998 -2002, and 2003 -2006 period, respectively). Death Certificates data are available to the public from NSO. Thus, data were stratified into each combination of gender, age group, regional classification, educational level, and study periods with corresponding counts of suicide death and population.
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MATERIALS AND METHODS
Measurements and statistical method
Gender-, age-and education-specific suicide mortality rates (100,000 persons) in respective period, 1993 -1997 (pre-economic crisis), 1998 -2002 (economic crisis), and 2003 -2006 (post-economic crisis), are the average annual numbers of suicides divided by the corresponding census population (in millions) within a socio-demographic group in the same period. To measure the magnitude of educational inequalities in suicide mortality, four measures were selected: rate ratio (RR), rate difference (RD), relative index of inequality (RII), and slope index of inequality (SII). Rate ratio and rate difference should be measured for grasping relative and absolute inequalities, respectively. 30, 31 Both perspectives are important. 31 Although the rate ratios (relative inequality) of education for suicide mortality rates may remain unchanged or even fall over time, rate differences (absolute inequality) will be more widen the other way under increases in the average suicide mortality rates during the same time. In this case, rate differences may be more meaningful than rate ratios in the perspective of public health.
The RII and SII are measures of total impact that take into account not only the effect of lower education on suicide death, indices of effect such as RR and RD, but also the extent of inequalities in education within the population, e.g. by using information on population size of the groups with lower education. RII is rate ratio (RR) of hypothetically the lowest educated compared with hypothetically the highest educated (reference group) in the population, assuming a linear association between education and suicide mortality. SII, the absolute measure equivalent to RII, expresses rate difference of hypothetically the lowest educated versus hypothetically the highest educated (reference group). There are two important advantages in using RII and SII. Firstly, because the population distribution of education groups changed over the study period, as shown in Table 1 and 2, the RII and SII will capture the impact of changing distribution of education groups as well as any changing disparities in suicide mortality by actual unit of educational level. Secondly, they are regression-based measures that make use of suicide mortality rate estimates for all three education groups, rather than just comparing two groups, RR and RD.
We used regression models based on Poisson distribution, which made reference to the statistical models for estimating the risk ratio and difference suggested by Leite et al. 32 and Spiegelman and Hertzmark. 33 As shown in equation (1), Poisson regression models using a logarithmic link function were used to compute educationspecific rate ratios or RIIs in each study period and investigate association between rate ratio or RII and period. To compute education-specific rate differences or SIIs in each period and investigate association between rate difference or SII and period, Poisson regression models using a identity link function were applied as presented in the equation (2) . 32, 33 The following general models, stratified by gender and 10-year age group, were specified.
(1) In (d / p) = β1local + β2edu + β3period + β4edu * period + κ (2) rate / 100,000 = β1local + β2edu + β3period + β4edu * period + κ
Where d refers to the number of suicides, p refers to the corresponding denominator population, β1 ...... β4 to the relevant regression coefficients (specified categorically), with κas the constant. The "local" refers to residential areas categorized as si, gun, and gu residence, and "edu" refers to educational levels -no education or primary school education, middle or high school education, and college education or higher. β2 in equation (1) represents rate ratio of those with middle or high school education or those with no education or elementary school education compared with those with college or higher education (reference group). β2 in equation (2) economic crisis), and education, and the statistical significance (p for trend) of the corresponding regression term is a test of the divergence or convergence in suicide rates by educational level over periods of the study in relative (rate ratios) and absolute (rate differences) terms
To compute RIIs and SIIs, "edu" in equations (1) and (2) was replaced by the mid-point of the cumulative proportion of the population in different educational groups on a scale for 0 to 1, instead of educational level. For example, for the lowest education level, which comprises 10% of the population, those proportion ranges from 0 to 0.1, the average being 0.05. The hierarchical status of the lowest education group within a demographic population is positioned to be 0.05. The other variables are the same as computing rate ratios and rate differences. Thus, β2 in equations (1) and (2) is the estimate of RII and SII, respectively, and the p-value for β2 in equations (1) and (2) is the statistical significance (p for trend) for a linear association between RII or SII and period, respectively. Analyses were conducted with SAS 9.1 using PROC GENMOD. 
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changes were found across all age groups and showed a relatively greater improvement in educational attainment in women than men.
As shown in Tables 1 and 2 , suicide mortality rates (per 100,000) steadily increased for the study periods in all subgroups, stratified by gender, age, and education. For females Trends CI, confiderce interval; RR, relative ratio; RII, relative index of inequality; RD, relative difference; SII, slope index of inequality. *Rate ratios in those with middle or high school education compared to those with college or higher education, were driven from β2 estimates (see equation 1). � Rate ratios in those with no education or elementary school education compared to those with college or higher education, were driven from β2 estimates (see equation 1). � Relative index of inequality is the relative rate for the expected mortality for the lowest educated compared with the highest educated (see method). § Rate differences between those with middle or high school education and those with college or higher education, were driven from β2 estimates (see equation 2). Rate differences between those with no education or elementary school education and those with college or higher education, were driven from β2 estimates (see equation 2). Slope index of inequality is the expected rate difference of the lowest educated and the highest educated (see method) . **Represents linear increase across the study periods for each age group by inequality index, was deriven from the period* edu interaction term (see method). As shown in Table 3 , significant educational inequalities in suicide mortality were found in males. This was true for age groups, study periods, and inequality measures (relative vs. absolute). However, the magnitude of inequalities differed with age, study periods, and inequality measures. CI, confiderce interval; RR, relative ratio; RII, relative index of inequality; RD, relative difference; SII, slope index of inequality. *Rate ratios in those with middle or high school education compared to those with college or higher education, were driven from β2 estimates (see equation 1). � Rate ratios in those with no education or elementary school education compared to those with college or higher education, were driven from β2 estimates (see equation 1). � Relative index of inequality is the relative rate for the expected mortality for the lowest educated compared with the highest educated (see method). § Rate differences between those with middle or high school education and those with college or higher education, were driven from β2 estimates (see equation 2). Rate differences between those with no education or elementary school education and those with college or higher education, were driven from β2 estimates (see equation 2). Slope index of inequality is the expected rate difference of the lowest educated and the highest educated (see method). **Represents linear increase across the study periods for each age group by inequality index, was deriven from the period* edu interaction term (see method). As shown in Table 4 , educational differentials in suicide mortality were also found in females. However, the magnitude of educational inequality was smaller in females than males. The relatively weak relationships between education and suicide mortality were found in relative and absolute measures. For example, in those aged 45 -54, RIIs for women were between 6.99 -12.64, whereas RIIs for men were between 2.38 -5.65. With the exception of RII in 2003 -2006 among those aged 65 +, the magnitude of RIIs was greater in men than women. Additionally, SIIs examined here were greater in men than women without any exception.
In females, the magnitude of education inequalities in suicide mortality also differed with age, study periods and inequality measures. First of all, decreases with age in educational differentials in suicide mortality were found between the ages 35 and 64 for both summary measures (RII and SII), but were not clear among those aged 65 +. The results of this study showed that suicide mortality was concentrated in the lower education group. This was true for men and women and true for all age groups and study periods considered in this study. These inequalities in suicide mortality for both men and women were also shown in earlier studies in Korea 23, 24 as well as in Japan, 34 US, 35 and Western European countries. 36 The influence of educational attainment on suicide risk may be explained by three different pathways. First, because those with a low educational attainment cannot seek a better job and accumulate material wealth, they may have a greater risk of suicide mortality because of the lower job security and association with poor monetary conditions (e.g., debt). 21, 37, 38 Second, education might have an independent effect on suicide, irrespective of occupation and income. Khang et al. 39 found that education, occupation, and income have independent effects on mortality in Korea, after simultaneously adjusting for these three major SES indicators. The highly educated are more receptive to health education messages and have a better informational access to health service. 40 This may make them to prevent or control proximal risk factors of suicide death such as alcohol abuse and depression. 41, 42 Third, selection and recruitment into education might have an impact. Those with mental disorders and chronic severe illness as a proximal cause of suicide at younger ages might have left school with any qualification and might be less likely to get a chance of further education. This interpretation may be better suitable for educational differentials in suicide among younger Trends in Educational Differentials in Suicide Mortality DISCUSSION adults. However, this mechanism of social selection may not explain the observed suicide mortality inequalities found in older ages. In addition, the contribution of the selection mechanism to overall magnitude of suicide mortality inequalities would be small, given that education usually precedes health outcome in adults.
Results of this study also showed that educational differentials in suicide mortality, which were measured by RII and SII, generally increased from 1993 -1998 to 2003 -2006 among men and women aged 45 +. Although RII did not increase with year among men and women aged 35 -44, SII showed a significantly increasing trend in this age group during the same time. Why did educational differentials in suicide mortality increased over time? The answer to this question may lie in the fact that the increase in these suicide mortality inequalities was accompanied by worsening gaps in terms of socioeconomic conditions during and after restructuring of Korean economy following the 1997 economic crisis. These worsening socioeconomic factors might modify the secular changes in proximally suicide risk factors (such as depression, alcohol misuse, hopelessness) with differentially affecting lower educational groups. Not mutually exclusive, three explanations may exist for these divergent patterns in suicide mortality by education.
First, the number of credit delinquents increased in 1998 and declined slightly in 1999 and 2000, and the number of those rose again in a rapid pace from 2002 to 2004 -to be called as the credit card crisis in Korea, and fell very slowly thereafter. 43 The sharp increase in credit delinquency since 2002 can largely be attributed to an economic policy that encouraged using credit cards to boost the stagnant economy in 2000 -2001. 44 The credit delinquency, which caused social problems such as disintegration of family and suicides, happened much more often in low or middle income group than high income group. 43 Second, the increase of job instability (precarious employment) after and during the restructuring of Korean economy following the 1997 economic crisis, which was more likely to be concentrated among the low educated, might have contributed to this widening. 6 The proportion of precarious workers which was about 40% of all wage workers, before the 1997 crisis, reached 57% in after 2000. 45 A previous study in Korea 46 reported that, after adjusting for socioeconomic position (such as education, occupation class, and income), nonstandard employment was associated significantly with liver disease, which was probably caused by binge alcohol drinking among men and mental disorders among women. Third, the highly persisting relative poverty rates since the 1997 crisis might have incurred much more frustrating or hopeless feeling to the poor, and in turn these feelings might have increased suicide potentials. [47] [48] [49] Third, however, these interpretations should be considered with some cautions, because another aspects of social context such as culture (e.g., mass media and imitation theory), modernization (e.g., rampant materialism) and social integration (e.g., divorce, religion) which were suggested by Stack 21, 22 were not considered in our above explanations. Future studies need to address detailed causal pathways between socioeconomic factors and suicide risks.
This study showed varying magnitude of suicide mortality inequalities by age and gender. The relative inequalities measured by RII tended to be enhanced in the relatively younger age groups, especially among males. This finding is consistent with the fact that relative socioeconomic inequalities in mortality from all causes and many specific causes decrease generally with age. 23 However, it should be noted that absolute inequalities in suicide mortality were not smaller in old ages than younger ages. The greater magnitude of suicide inequality found in men as compared with women is consistent with an earlier Korean study 23 as well as previous Western studies. 29, 36, 50 Lorant et al. 36 investigated socio-economic inequalities in suicide among 10 Western European countries and suggested that gender differences in the magnitude of suicide inequalities can be explained by gender differences in health-related and life-threatening behaviors, such as alcohol or drug misuse, which are known risk factors of suicide and are more prevalent among men and among lower socioeconomic groups.
There are several methodological considerations in interpreting the present results. It is possible that the number of suicides could have been underestimated because of a social stigma against suicide. 51 Many suicide deaths can be reported as accidental drowning, falls or some other causes. 52 However, whether the magnitude of under-reporting of suicide as a cause of death differs with socioeconomic position is uncertain. Some caution needs to be exercised when interpreting these finding, because they were controlled for the correlate of suicide such urban-rural residence area (si-gun-gu), but not for other correlates (e.g., divorce) in the present study. For example, a previous study 53 showed that the lower educational group has a higher risk of suicide mortality among the non-married (divorced or never married or widowed) than among the formally married in several Western European countries. However, the association between a low education and non-married status in Korea is not certain.
This study presents educational mortality inequalities in suicide and increasing trends in those inequalities. The most interesting finding of this study with regard to suicide preventive strategy, which was not demonstrated in previous Korean studies, would be increasing time trends of socioeconomic inequality in absolute suicide mortality rate.
Comparing the SIIs of the post economic crisis period (2003 -2006) with those of the pre-economic crisis period (1993 -1997) , absolute inequalities in suicide mortality increased quite steeply among men and women in all age groups, especially those of females aged 65 + increasing by 17.7 times during the same time. These findings suggest that national suicide prevention efforts should be exercised to narrow the socioeconomic gaps in suicide mortality as well as reduce average suicide rate as a whole. From the view point of clinical implications, more attention should be paid to the psychiatric health service for those disadvantaged who suffered from a proximal risk factor of suicide such as depression.
In conclusion, we examined the trends in suicide mortality inequalities using Census and death certificate data, and found increasing educational inequalities in suicide mortality in both relative and absolute perspectives. However, we could not examine the mechanisms involved and the contribution of material, psychosocial, and behavioral factors to the increasing inequalities, because of paucity of the study variables in the Census and death certificate data. Future studies employing those variables may provide information on effective policy measure to decrease the absolute level of suicide mortality and socioeconomic differentials in suicide.
